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Abstract: We have evaluated a novel B-cell FluoroSpot assay for the analysis of antibody 
responses in healthy individuals vaccinated intramuscularly with Influenza A (H1N1) 
antigen (Pandemrix®, GlaxoSmithKline). Using the FluoroSpot assay and an ELISpot 
assay run in parallel for comparison, we measured the frequency of cells secreting 
antigen- specific as well as total IgG or IgA antibodies seven days post vaccination. 
The assays were based on high affinity monoclonal antibodies for capture and detection of 
human IgG and IgA. Whereas conventional ELISpot analyzes IgG- and IgA-secreting 
B cells separately, fluorescent detection enabled simultaneous enumeration of B cells 
secreting IgG or IgA in the same well. The FluoroSpot protocol was also simpler as the 
assay could be performed without the need for an amplifying detection step. While having 
all the advantages of a conventional ELISpot assay, including high sensitivity, robustness 
and ease of performance, the FluoroSpot assay adds further value in reducing costs, time 
and material. 

Keywords: Influenza A (H1N1); vaccination; B cells; IgG and IgA secretion; FluoroSpot; 
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1. Introduction 

There are many assays designed to measure antibody reactivity and specificity (e.g., ELISA, 
immunoblot, etc.) but only a few focuses directly on the antibody-secreting cells (ASC). One such 
assay is the B-cell ELISpot [1,2]. With this highly sensitive method one can, at the cellular level, 
identify and enumerate both the total number of ASC in a sample and those secreting antibodies to a 
given antigen (Ag). If B cells have been potently activated in vivo and have developed into ASC, they 
can be added to an ELISpot assay plate and incubated in cell culture medium without any additional 
stimulation. However, studies have shown that the time frame in which one can detect Ag-specific 
ASC in the peripheral blood after e.g., vaccination is narrow [3]. Typically, cells need to be collected 
5 to 10 days after the administration of Ag. After this, a sharp drop in the number of circulating ASC 
occurs. Normally, B cells will then remain in low numbers in the circulation in the form of memory 
cells which require several days of stimulation in vitro to become ASC. 

Since it was first described in 1983, the B-cell ELISpot has been performed in essentially the same 
way with some recent exceptions [4]. Recently, however, FluoroSpot has emerged as an attractive 
alternative to ELISpot [5]. In the FluoroSpot assay, secreting cells are identified using detection 
reagents labeled with fluorophores instead of enzymes. The fluorophore-based detection enables 
analysis of multiple analytes in one and the same well and hence FluoroSpot has been used to analyze 
dual cytokine secretion by polyfunctional T cells as well as the cytokine profile of monocyte 
subsets [6-9]. With regard to B cells, the use of FluoroSpot has so far been limited to a single color 
analysis in a study addressing the amount of antibodies secreted per B cell [10]. 

We have in this study evaluated a newly developed B-cell FluoroSpot assay for the analysis of 
human IgG- and IgA-secreting B cells activated in response to Influenza A (H1N1) vaccine 
(Pandemrix®). We measured Ag-specific as well as total IgG- and IgA-secreting B cells in peripheral 
blood mononuclear cells (PBMC) prepared from venous blood of six healthy individuals. 

We found that the FluoroSpot technique was as sensitive as the B-cell ELISpot run in parallel and 
offered the additional possibility to define and enumerate, in a single well, B cells secreting antibodies 
of both IgG and IgA isotype. This makes the technique particularly suitable in situations where the 
source of cells or the amount of Ag is limited. Relevant application areas for the methods include 
detection of B-cell responses in various diseases and those elicited by vaccination. 

2. Results and Discussion 

2.1. The ELISpot and the FluoroSpot are Equally Sensitive 

To evaluate the sensitivity of the new FluoroSpot assay, we measured the frequency of B cells 
secreting HINl-specific IgG and IgA antibodies before and after vaccination with Pandemrix® in six 
donors, using ELISpot in parallel. Measurement of total IgG- and IgA-ASC was performed 
simultaneously. 

After an overnight culture of PBMC (250,000 cells/well) in Ag-coated plates, spots representing 
Ag-specific ASC were, in the FluoroSpot assay, detected by adding a mixture of detection monoclonal 
antibodies (mAb) labeled with red fluorophore (IgG) and green fluorophore (IgA). In ELISpot, 
detection was made with biotinylated versions of the same antibodies with streptavidin-alkaline 
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phosphatase (SA-ALP) added as a secondary step. An example of images showing Ag-specific 
FluoroSpot and ELISpot is shown in Figure la and the overall result for all six donors is shown in 
Figure lb. As can be seen, all donors responded to Pandemrix® and although the strength of the 
responses varied in the different donors, the frequencies of ASC were similar in the two assays. While 
there were no detectable spots before vaccination, the frequencies of HINl-specific IgA-secreting B 
cells varied between approximately 1 in 2,000 PBMC and 1 in 8,000 in the six donors. The frequency 
of H IN 1 -specific IgG-secreting B cells was higher in all donors and ranged from 1 in 400 to 1 in 2,000 
PBMC. 

Figure 1. (a) Analysis of Influenza A (HlNl)-specific IgG- and IgA-secreting cells in 
ELISpot and in FluoroSpot. PBMC were collected before and seven days after vaccination 
with the influenza vaccine Pandemrix®. Ag-specific IgG- and IgA-ASC were detected 
using 0.75 |Lig/well of coated Ag. After overnight culturing of PBMC (250,000 cells/well), 
detection mAbs specific for IgG and IgA, and labeled with different fluorophores, were 
mixed together and added to the wells (FluoroSpot). In ELISpot, ASC were detected by 
adding biotin-labeled anti-IgG or anti-IgA detection mAbs followed by SA-ALP and a 
precipitating substrate. The figure shows representative examples of the vaccine-induced 
responses in donor 1; (b) Analysis of Influenza A (HlNl)-specific IgG- and IgA-secreting 
B cells in ELISpot and in FluoroSpot in six donors (ASC/ 250,000 PBMC). No Ag-specific 
ASC were seen before vaccination. Grey bars represent ELISpot whereas colored bars 
represent FluoroSpot. The diagram shows mean values with SD (n = 3). Each set of bars 
corresponds to data from donor 1-6 in numerical order from left to right. 
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Figure 1. Cont. 
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The total number of IgG- and IgA-secreting cells were also determined with the two assays and, as 
exemplified in Figure 2a and summarized for all six donors in Figure 2b, also here were the results 
very similar in the two assays. 

Similar frequencies were thus recorded for FluoroSpot and ELISpot with regard to both 
HINl-specific (Figure 1) and total IgG/IgA ASC (Figure 2), demonst rating that the sensitivity of the 
two assays was comparable. In the FluoroSpot, there was no difference in the number or intensity of 
spots in wells where the two detection reagents for IgA and IgG were added together versus when they 
were used separately (data not shown). 

When comparing the ELISpot and the FluoroSpot assays, it should be noted that the ELISpot was 
based on a two-step detection system, i.e., a biotinylated detection mAb followed by SA-ALP, whereas 
the FluoroSpot was done in one step with mAbs directly labeled with fluorophores. A two-step detection 
system was chosen for ELISpot since enzyme-conjugated mAbs generally have a lower sensitivity 
compared to two-step detection systems. However, despite the fact that the ELISpot protocol included 
an additional amplification step, the two assays displayed comparable sensitivity. 

2.2. IgA- and IgG- ASC before Vaccination 



In contrast to the lack of H IN 1 -specific ASC before vaccination, all donors had significant numbers 
of IgG- and IgA-secreting cells of unknown specificity prior to the vaccination (Figure 2a and 2b). 
The frequencies of pre-vaccination ASC were about 1 in 2,000 for IgG and about 1 in 800 PBMC for 
IgA. These ASC probably represent B cells producing so-called natural antibodies which are suggested 
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to serve as a first line of defense against infection. Natural antibodies typically recognize common 
pathogen-associated epitopes and have been shown to be protective in vivo [11]. 

2.3. Increased Frequency of Total IgG- But Not IgA-ASC after Vaccination 

In the case of IgG, vaccination also led to an increase in the number of ASC which could not be 
fully accounted for by the increase in H IN 1 -specific ASC. Thus, as seen in Figure 2b, there was a 
strong increase in the frequency of IgG-secreting cells after vaccination in all six donors, something 
that was not observed for IgA. One reason for this increase in total IgG-ASC may be a non-specific 
stimulatory effect of the AS03 adjuvant formulation in the vaccine (squalene, DL-a-tocopherol and 
polysorbate 80). However, it has also been shown that influenza as such, as well as other infections, 
may give rise to a polyclonal activation and antibody secretion by B cells [12]. 

Still, almost half of the circulating total ASC were vaccine specific with an average ratio of 
Ag-specific per total ASC of 0.45 for IgG and 0.4 for IgA. This is not surprising since the PBMC were 
analyzed without additional activation in vitro and thus only in v/voactivated ASC were detected in 
the assays. In healthy individuals, unless they have been recently vaccinated, active ASC are generally 
found at low numbers in the blood. 

Figure 2. (a) Analysis of the total number of B cells secreting IgG and IgA after vaccination 
with Pandemrix®. The wells were coated with mAbs specific for IgG and/or IgA. After an 
overnight culture of PBMC (100,000 cells/well) the detection procedure was identical to 
that used for detection of Ag-specific ASC in Figure la. The images are representative 
examples from donor 1 . (b) ELISpot and FluoroSpot analysis of the frequency of B cells 
secreting IgG and IgA before and after vaccination with Pandemrix® (ASC/ 100,000 
PBMC). The diagram shows mean values with SD (n = 3). Each set of bars corresponds to 
data from donor 1-6 in numerical order from left to right. 
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Figure 2. Cont. 
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3. Experimental Section 

3.1. Cells 

PBMC were prepared from venous blood of healthy human volunteers after informed consent, 
before and seven days after vaccination with Pandemrix® (GlaxoSmithKline, Solna, Sweden). The 
blood was collected in sodium citrate and PBMC separated by centrifugation on Ficoll-Paque™ Plus 
(GE Healthcare Life-Sciences, Uppsala, Sweden) according to the recommendation of the manufacturer. 



3.2. Reagents 

RPMI1640, Penicillin/Streptomycin, HEPES, and low endotoxin FCS were all purchased from 
Invitrogen Life Technologies (Carlsbad, CA, USA). Coating and detection mAbs for ELISpot 
(Anti-IgG, anti-IgA, biotinylated anti-IgG and -IgA; cat. no 3850-2AW and 3860-2AW, respectively) 
and for FluoroSpot (anti-IgG-red fluorophore and anti-IgA-green fluorophore; cat. no FS-05R06G) 
were all obtained from Mabtech (Nacka Strand, Sweden). SA-ALP, 5-bromo-4-chloro-3-indolyl 
phosphate/nitro-blue tetrazolium (BCIP/NBT) substrate and FluoroSpot enhancer were all from Mabtech. 

3.3. ELISpot/FluoroSpot Assay 

Low-fluorescent 96-well PVDF membrane plates (Millipore, Bedford, MA, USA) were pre-wetted 
with 20 |liL of 35% ethanol/well for 1 min and thereafter washed five times with sterile water. For 
detection of Ag-specific B cells, Pandemrix® Ag was added at 0.75 |ig/well and for enumeration of 
total IgG/IgA-secreting cells, anti-IgG and/or anti-IgA capture mAbs were diluted in sterile PBS and 
added at 1.5 |Lig/well. After incubation overnight at 4 °C, the coated wells were washed with sterile 
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PBS and blocked for at least 1 h with culture medium. After removal of the blocking medium, 
100 |iL/well of PBMC was added (100,000 cells/well for determining the total number of IgG and IgA 
secreting cells; 250,000 cells/well for the analysis of Ag-specific IgG- and IgA-ASC). Each sample 
was added in triplicates and the plates were thereafter incubated overnight at 37 °C in a humidified 
atmosphere with 5% CO2. 

After incubation, the cells were removed by washing with PBS using an automated plate washer 
(Bio-Tek Instruments Inc., Winooski, VT, USA). Biotinylated anti-IgG or anti-IgA mAbs for ELISpot 
or a mixture of fluorophore-labeled anti-IgG (red) and anti-IgA mAb (green) for FluoroSpot were 
diluted to 1 |ig/mL each in PBS containing 0.5% FCS and added to each well. After incubation for 2 h 
at room temperature followed by a washing step, ELISpot wells were incubated with SA-ALP for lh at 
room temperature. After incubation, the plates were again washed in the plate washer with PBS 
followed by addition of BCIP/NBT substrate. The reaction was stopped after 10 min. by extensive 
washing in tap water followed by drying. 

After the 2 h incubation step, the washed FluoroSpot plates were treated with 50 ^iL/well of 
Fluorescence enhancer for 15 min. at room temperature. After tapping against paper, the plastic 
underdrain was removed and the plate was left to dry in the airstream of a hood for 60 min. 

Analysis and counting of spots were performed in an ELISpot/FluoroSpot reader system (Multispot 
reader Spectrum, AID, Strassberg, Germany). Fluorescent spots were analyzed using separate filters 
for FITC and Cy3. 

4. Conclusions 

The FluoroSpot method was as sensitive as the B-cell ELISpot run in parallel and offered the 
additional advantage to define and enumerate, in a single well, B cells secreting antibodies of both IgG 
and IgA isotype. The FluoroSpot protocol also led to a simpler and more rapid analysis by reducing the 
number of assay steps. 

Fluorescent detection also opens up the possibility of detecting more than two isotypes or 
subclasses of antibodies in a single well. This makes the technique particularly suitable in situations 
where the source of cells and/or the amount of Ag is limited. 

Acknowledgments 

The authors thank Peter Benno for the kind gift of Pandemrix® and Staffan Paulie for critical 
reading of the manuscript. 

References 

1. Czerkinsky, C.C.; Nilsson, L.A.; Nygren, H.; Ouchterlony, O.; Tarkowski, A. Solid phase 
enzyme-linked immunospot (ELISPOT) assay for enumeration of specific antibody-secreting 
cells. J. Immunol Methods 1983, 65, 109-121. 

2. Sedgwick, J.D.; Holt, P.G. A solid-phase immunoenzymatic technique for the enumeration of 
specific antibody- secreting cells. J. Immunol Methods 1983, 57, 301-309. 



Cells 2012, 1 



34 



3. Vallerskog, T.; Gaines, H.; Feldman, A.; Gilbert, E.; Klareskog, L.; Malmstrom, V.; Trollmo, C. 
Serial re-challenge with influenza vaccine as a tool to study individual immune responses. 
J. Immunol Methods 2008, 339, 165-174. 

4. Dosenovic, P.; Chakrabarti, B.; Soldemo, M.; Douagi, I.; Forsell, M.N.E.; Yuxing, L.; Phogat, A.; 
Paulie, S.; Hoxie, J.; Wyatt, R.T.; Karlsson Hedestam, G.B. Selective expansion of HIV-1 
envelope Glycoprotein-specific B cell subsets recognizing distinct structural elements following 
immunization. J. Immunol 2009, 183, 3373-3382. 

5. Axelsson, B.; Ahlborg, N. Dual- and Triple-color Fluorospot. In Handbook of ELISPOT: Methods 
and Protocols, Methods in Molecular Biology', Kalyuzhny, A.E., Ed.; Springer Science+Business 
Media: Berlin, Germany, 2012; Volume 792, pp. 77-85. 

6. Gazagne, A.; Claret, E.; Wijdenes, J.; Yssel, H.; Bousquet, F.; Levy, E.; Vielh, P.; Scotte, F.; 
le Goupil, T.; Fridman, W. H.; Tartour, E. A Fluorospot assay to detect single T lymphocytes 
simultaneously producing multiple cytokines. J. Immunol Methods 2003, 283, 91-98. 

7. Casey, R.; Blumenkrantz, D.; Millington, K.; Montamat-Sicotte, D.; Kon, O.M.; 
Wickremasinghe, M.; Bremans, S.; Magtoto, M.; Sridhar, S.; Connell, D.; Lalvani, A. 
Enumeration of functional T-cell subsets by Fluorescence-Immunospot defines signatures of 
pathogen burden in tuberculosis. PLoS One 2010, 5, doi:10.1371/journal.pone.0015619. 

8. Hallengard, D.; Haller, B.K.; Maltais, A.K.; Gelius, E.; Nihlmark, K.; Wahren, B.; Brave, A. 
Comparison of plasmid vaccine immunization schedules using intradermal in vivo 
electroporation. Clin. Vaccine Immunol 2011, 18, 1577-1581. 

9. Smedman, C; Ernemar, T.; Gudmundsdotter, L.; Gille-Johnsson, P.; Somell, A.; Nihlmark, K.; 
Gardlund, B.; Andersson, J.; Paulie, S. FluoroSpot analysis of TLR-activated monocytes reveals 
several distinct cytokine-secreting subpopulations. Scand. J. Immunol 2012, 75, 249-258. 

10. Bromage, E.; Stephens, R.; Hassoun, L. The third dimension of ELISPOTs: Quantifying antibody 
secretion from individual plasma cells. J. Immunol Methods 2009, 346, 75-79. 

11. Ochsenbein, A.F.; Fehr, T.; Lutz, C; Suter, M.; Brombacher, F.; Hengartner, H.; Zinkernagel, R.M. 
Control of early viral and bacterial distribution and disease by natural antibodies. Science 1999, 
256,2156-2159. 

12. Montes, C.L; Acosta-Rodriguez, E.V.; Merino, M.C.; Bermejo, D.A.; Gruppi, A. Polyclonal B 
cell activation in infections: Infectious agents' devilry or defense mechanism of the host? 
J. Leucoc. Biol 2007, 82, 1027-1032. 



© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.Org/licenses/by/3.0/). 



